For decades, Ghana's economy has been fuelled by abundant inexpensive hydropower. As a developing economy, Ghana's electricity demand has long been relatively low, though rising in recent times due to increasing economic growth, urbanization and industrial activities. However, the rapid demand growth, as well as periodic hydrological shocks, leaves the country increasingly reliant on expensive oil and gas-based generation power plants, with a resultant drain on the national economy. The main electricity generation company, the Volta River Authority, is not able to generate enough electricity for all the demand sectors. The electricity supplydemand margins ̶ the difference between peak demand and available supply ̶ of the country fall short of the recommended engineering practice and thus presents a high supply security risk. The country has been experiencing an increase in the frequency of power cuts over the last ten years. It is clear that Ghana will have to expand and 2 diversify its generation capacity in order to improve supply security. This paper provides a review of the assessed potential renewable energy resources, their current exploitation status, and their potential contribution to the electricity supply of the country. The paper also presents the barriers to their utilization and the existing policy and regulatory instruments to overcome those barriers, plus the current and expected future impacts of these instruments. The results show that Ghana has several RES, such as wind, solar PV, mini hydro and modern biomass that can be exploited for electricity production. While their exploitation for electricity generation is currently very low, providing just 0.13% of the country's generation, the review shows a great potential for RES generation to increase substantially over the next decade, looking at the government commitment and legal frameworks that are being put in place.
Introduction
The major global energy challenges are: a) securing a sufficient energy supply to meet growing demand, b) providing everybody with access to energy services, and c) curbing that energy's contribution to climate change [1] . In developing countries, access to affordable and reliable energy services is fundamental to reducing poverty and improving health, increasing productivity, enhancing competitiveness and promoting economic growth [2] As Ghana is a developing country, the electricity demand in that country has long been relatively low, although demand has been rising in recent times due to increasing economic growth, urbanization and industrial activities. In 2007, electricity accounted for about 9% of the country's 9.50 Mtoe total final energy consumption [3] . Biomass and petroleum fuels accounted for 64% and 27% respectively of final energy consumption. About 65% of the country's electricity is generated from a large hydropower station, with the remaining 35% provided mainly from an array of thermal power plants that operate on gas, diesel and light crude oil [4] . Fig. 1 shows the final energy consumption mix of Ghana. The national access to electricity is currently about 71%, with the access of urban inhabitants at 78% and the rural population access rate of less than 30% [5] . The government's national electrification scheme policy objective is to electrify all communities with populations above 500 by the year 2020 [6] . Ghana's electricity sector is saddled with many supply challenges. The existing power plants are not able to attain full generation capacity due to fuel supply constraints, as well as the uncertainty of rainfall and water inflows into the hydroelectric power facilities. The rapid demand growth and periodic hydrological shocks leave the country increasingly reliant on expensive oil and gas-based generation power plants. However, the power tariffs are based on the costs of baseload hydropower priced at about $0.05/kWh, which means that more expensive oilbased generation plants operate at annual financial losses to the Volta River Authority (VRA), the state-owned company, which owns and operates the country's generation assets. The low tariff regime, which does not allow for a full cost recovery, has slowed down capacity expansion [7] . The recent power shortages have been attributed to the lack of capacity addition to meet the growing demand [8] . It is estimated that Ghana will require a new capacity addition of about 200MW each year to catch up with increasing demand in the medium to long term [4] .
The transmission and distribution infrastructure of the country has been extensive since the National Electrification Scheme was instituted in 1989, but has deteriorated since then, resulting in frequent interruptions to power supply, transmission bottlenecks, overloaded transformer sub-stations and high system losses [9] . The losses in the transmission and distribution systems are estimated at 25%, while wastage in the end-use is estimated at about 30% [10] . Rolling blackouts and severe restrictions on energy consumption are often employed by the main utility companies (VRA, GRIDCo, and ECG) to manage power supply constraints [9, 11] . It is clear that Ghana will have to improve its network infrastructure, as well as expanding and diversifying its installed capacity in order to improve supply reliability.
The three most important factors in selecting new energy resources that ensure supply security are that they must be renewable, locally available at reasonable costs, and environmentally friendly [12] . The government energy policy objective aims at expanding generation assets by investing in renewable energy systems and energy efficiency measures [13] . The aim of this paper is to investigate the potential contribution of renewable energy resources to the improvement of the electricity supply security of the country. The paper also identifies barriers for utilizing these resources for electricity generation, and reviews government policies and programs to promote utilization of renewable energy.
The results show that Ghana has several renewable energy resources (RES) such as wind, solar PV, mini and small hydro, and modern biomass that can be exploited for electricity production. The installed capacity of hydropower, for instance, is small compared to the exploitable potential. The development of solar power has been limited to a few homes, usually in the form of solar home systems. Despite a good wind and biomass resource potential, the technologies to harness them for electricity production have so far not been demonstrated on a commercial scale in the country.
While about 0.13% of the country's electricity is generated from these resources, the review shows great potential for this to increase substantially over the next decade, due to government commitment and legal frameworks which are being put in place.
Electrical energy situation in Ghana
Ghana's total electricity generation in 2010 was 10,232.11 GWh, with 68% being generation from hydropower, 31% from thermal power plants and the remaining 1% coming from imports ( Fig. 2) .
Fig. 2.
Ghana's electricity generation mix in 2010 (total 10,232.11 TWh) [4] .
The total plant capacity at the end of 2010 was 2,186 MW [4] as shown in Table 1 .
These numbers remained relatively the same until the end of 2013 when the 400 MW Bui Hydroelectric Dam in the Tain District of the Brong Ahafo Region was commissioned. However, the country's total generation has not improved, due to over 60% reduction in the volume of the gas supply through the West Africa Pipe Line Project to power existing thermal power plants [14] . Table 1 . Ghana's portfolio of installed generation capacity as at December 2010.
Supply Structure
About 88% of the generation assets in Table 1 are owned by the state-owned company Volta River Authority (VRA) with the remaining 12% being owned by independent power producers (IPP). The Ghana Grid Compony (GRIDCo) operates the National Grid and manages the power system as System Operator. There are two power distribution companies in Ghana: the Electricity Company of Ghana (ECG), responsible for the distribution in the south and the Northern Electricity Department (NED), responsible for distribution in northern Ghana. 
Electricity demand
The electricity demand in Ghana is divided across 40 load centres, which include cities, clusters of small towns and villages, and large industrial sites such as mines.
About 40% of all electricity is consumed by the residential sector. The industrial sector accounts for nearly half of the consumption, with the rest consumed by nonresidential customers, which are mainly small businesses [4] . The relative weight of the demand sectors has been changing, as evidenced in Fig. 4 . The residential electricity sector has been the fastest-rising consumer sector, with consumption growing at an average of 6.3 % over the last decade [4] . The demand from this sector is projected to exceed 4,400 MW by 2020 [15] , thereby exceeding consumption in the industrial sector. This can be explained from the increasing grid connections, rising per capita income, penetration of appliances in higher income households and no apparent incentives for more efficient utilization of energy.
Ghana's electrical appliance market is flooded with imports of used lowefficiency appliances which are relatively less expensive compared to new ones [11] .
As more communities are connected to the grid, they will naturally demand more of these appliances, which will ultimately result in increased electricity consumption.
Ghana has an average household size of 3.4 people [16] . Using the current population of about 25 million, this means that there are approximately 7.4 million households in the country with the potential to own electrical appliances. With the expected increase in household income, the number of households that could afford major household appliances, such as refrigerators, microwave ovens etc., is expected to increase, with the prospect of many consumers buying inefficient appliances and thereby unnecessarily burdening the national grid.
The maximum peak demand of all sectors was 1471 MW in 2010 and occurred in the evening, between 19:00 -21:00 hours, suggesting a high level of the residential sector's contribution to the system's peak load. Large-load centres in the big cities account for about 70% of the peak [9] . Fig. 5 shows a typical Ghana load profile.
With a load factor of more than 90%, the load curve does not suggest large peak-load reduction opportunities. 
Electricity supply challenges
Ghana's electricity sector has long been saddled with challenges regarding supply security and power quality. One of the main factors affecting supply is the overdependence on hydro-power in the generation mix. The total amount of energy that can be delivered is constrained by several factors, which include the variability in rainfall that results in variability of the amount of electricity that can be generated from the hydro plants. Almost all of the recent power crises (1998, 2002 and 2007) have been triggered by low rainfall patterns in the Volta basin that supply water into the Akosombo dam [8] . The low demand/supply gap is also partially responsible for many power outages in the country [9] . Fig. 6 shows Ghana's total available capacity compared with peak demand over the last decade.
Fig. 6.
Ghana's total available capacity compared to peak demand [9] .
Another supply challenge is the unreliable supply of natural gas from the West Africa Gas Pipeline (WAGP), which feeds the country from Nigeria. The WAGP project consists of the development of an onshore/offshore gas distribution network delivering gas from Nigeria to commercial customers in the neighbouring countries of Benin, Togo and Ghana, but unfortunately the project has not been able to provide a reliable supply of the gas [17] . There are also problems related to inadequate and outdated infrastructure; underfunding and underinvestment; managerial problems; and low tariffs coupled with under-recovery and the inability to collect bills etc. ̶ all of which have led to unreliable supply and long power outages, high system losses and unsustainable debt levels [18, 19] .
Ghana Situation in the Context of ECOWAS
Despite the electricity supply challenges, Ghana's national electricity access rate of 71% is still the highest after Cape Verde in the Economic Cooperation of West Africa (ECOWAS) states (Fig. 7 ) [20] . Ghana's access rate is ranged the fourth in the whole of Sub-Sahara Africa; after South Africa (75% access rate) Cape Verde (95 access rate) and Mauritius (99.4 access rate) [21] . Ghana's per capita electricity consumption of about 247 kWh per annum is the highest in the West African subregion. The losses in transmission and distribution, though quite high, is still better than many of the countries in the sub-region [22] . The share of renewable energy including hydro electricity in the generation mix is on the better side compare to countries like Cote d'Iviore, Benin and Togo that depend essential on thermal power generation with significant drain on the national economy [23] . In a nutshell, while Ghana electricity supply situation is not the best that one would hope for; the supply indicators are still among the best in the ECOWAS sub-region. 
Renewable energy resources for power generation in Ghana
Apart from large hydro, Ghana has several other renewable energy resources (wind, solar, mini hydro, modern biomass) that can be exploited for electricity generation. The total share of these resources in the electricity generation mix is currently negligible (at 0.13% ) [6] . The government has recently passed the Renewable Energy Act to ensure a target of 10% share of these renewables in the national electricity generation mix by the year 2020. [17] . A successful integration of renewable energy technologies into the existing energy structure depends on a detailed knowledge of the renewable resources [25] . This section gives a review of the assessed RE resources of the country with the aim of finding their potential to improve the current electricity supply situation.
Wind energy
Wind energy is emerging as one of the most promising alternative sources of energy due to its potential to meet rising demand for electricity at relatively cheaper costs compared to other renewables [1, 26] . The wind speed in most parts of Ghana has been assessed to be between 1. Until a few years ago, there was little economic interest in generating electricity from mini-hydro plants in Ghana, as an excess of cheap power from the main hydro power plants at Akosombo and Kpong was available. As a result, many of the small hydro sites that were found suitable for development for rural electrification were not built; and, as of now, many of these villages have either been connected to the grid or are within a few kilometres from the grid [35] . Consequently the development of the sites for rural electrification has been weakened considerably. Any consideration for developing these sites should include connecting them to the national grid. 
Biomass resources
Biomass energy accounts for 50% of Africa's total primary energy supply, and about 60% in sub-Saharan Africa [38] . Biomass resources cover about 20.8 million hectares of the 23.8 million hectare land mass of Ghana [13] and supply about 64% of the total energy used in the country. Biomass is used in the domestic sector for cooking, and for many other applications, such as water heating. Biomass is also used in many education establishments throughout the country. Extensive reviews of biomass energy resources in Ghana have been provided in [3] and [39] . The vast arable and degraded land mass of Ghana has the potential for the cultivation of crops and plants that can be converted into a wide range of solid and liquid biofuels.
Agriculture is a major industry in Ghana, and consequently, large amounts of byproducts/residues that can be used for energy production are generated. Municipal waste-to-energy projects have become a very important mechanism for the management of the growing sanitation problem facing urban communities, as well as a means of contributing to energy supplies and security in many countries.
Significant amounts of waste are generated in Ghana. The waste generation per day in the city is about 0.6 kg/person [41] . Fig. 15 shows the composition of average household waste in Ghana. 
Renewable energy utilization status
The section above shows that Ghana has good renewable energy resources that can offer significant electricity generation capacity to the country. Though technologies to convert the resources to electricity are currently available, Ghana is yet to see a significant deployment of these technologies for power generation. So far, only about 2 MW grid solar capacity has been developed [17] , with another 155 MW expected to come online in 2015 [42] . It is reported that over 4,500 solar systems have been installed in over 89 communities throughout the country as shown in Table 2 . Table 2 . Installed solar PV systems in Ghana [40] So far, in Ghana, wind energy and small hydro power technologies have not been used on a commercial scale. A total of 1.954 MW of biomass-fired co-generation plants that could be expanded have been installed in the country. Table 3 provides the installation status of biomass co-generation plants in Ghana.
Table 3. Installed biomass co-generation plants in Ghana

Barriers to RE utilization in Ghana and policies to overcome them
The barriers to renewable energy exploitation in Ghana include higher electricity costs compared to the non-renewably-sourced electricity; compatibility with existing transmission and distribution networks; the remoteness of resources from key electricity demand sectors; technological immaturity; institutional inexperience and the lack of skilled technical manpower to oversee renewable energy projects [34] .
These barriers can be grouped in five main categories: technical, social, environmental, economics and policy. The specific technical barriers include unstable operation of the electric network, high power swings in the feeders, voltage fluctuations at certain nodes, load management and management of the energy networks.
[34]. Table 4 gives a summary of barriers at the individual resource level, and offers recommendations based on international experience for overcoming them. Table 4 . Summary of barriers to RES and recommendations to overcome them
Policies for promoting RE in Ghana
Ghana has a history of strategies and policies to promote renewable energy as illustrated in Table 5 . However, looking at renewable energy installation status, one can say that these policies are yet to have significant impact on the renewables industry. The recently passed Renewable Energy Act to generate 10% of the country's electricity from modern renewable energy sources by the year 2020 is expected to promote renewable energy business in the coming decade. It has created the enabling environment for the exploitation of the renewable energy resources in the country through the introduction of the following [43] :
• feed-in-tariff (FIT) scheme which is made up of feed-in-tariff rates,
• mandatory purchase of electricity generated from renewable sources,
• free access to the distribution and transmission systems, and
• creation of the Renewable Energy Fund dedicated to the promotion development of the renewable energy sub-sector in Ghana.
The technology-specific feed-in-tariff rates for the electricity generation are as shown in Table 6 . Table 5 . The development of renewable strategies and policies in Ghana Table 6 . Technology specific feed-in-tariff of Ghana
In forecasting the investment potential, it is envisaged that the expected Renewable Energy Sector would attract over 1.0 billion USD in investment in the next 8 years (table 7) . These investments will be successful mainly through private sector participation.
The other commitments from the government can be seen in the establishment of 
Ghana's RE Potential within the ECOWAS states
Ghana's renewable energy potential is among the best in the ECOWAS sub-region. Of the total 1411 MW medium to large scale identified renewable energy projects in the ECOWAS sub-region, about 11.5% is located in Ghana [24] . In terms of the identified specific project potential, Ghana has the highest concentrating solar power potential (40 MW), and the second highest wind power potential (100 MW) [24] . Ghana is among the few ECOWAS countries that had included RE integration in their energy policy documents as at 2011. It is among the few countries in the region that have adopted long term RE target of 10% by the year 2020. Other include Senegal with 15% of RE penetration by 2020, Mali with10% of RE penetration respectively by 2020 and 2022 and Nigeria (10% of the installed electric capacity by 2020, and Cote d'Ivoire with 5% of RE penetration by 2015) [47] . Compared to many ECOWAS states, Ghana has good democratic system of governance that encourages foreign direct investment This is expected to improve investment in RE in the medium to long term period [48] . Many foreign companies are currently investing in renewable energy
in Ghana compared to the other countries in the sub-region.
Conclusion
This review has shown that Ghana has renewable energy resources that can be harnessed for power generation. It is among the countries in the ECOWAS region with high renewable energy potential. All the major RE sectors like solar, biomass, hydro have considerable potential to improve electricity generation for the country. Ghana's total available capacity compared to peak demand [9] . 
Small Hydro Power
Absence of policy framework, lack of information on available resources, lack of financing mechanism, low electricity tariffs.
Update hydro resource map, demonstration projects, extend the grid for rural electrification.
Wind
High start-up cost, limited qualified personnel, low electricity tariff, intermittency.
Private sector participation, advance forecasting, energy management systems (to minimise intermittency).
Biomass
Water shortages, no promotion policy, financial schemes, high cost, small market, low awareness, competition with food industry and agriculture about the land use.
Support for promotional and training activities (workshops), finalisation of feasibility studies and business plans, incentives, enforcement of existing environmental laws. Niger  30  30  60  Nigeria  40  40  20  139  20  259  Senegal  10  150  30  190  Sierra Leone  10  100  110  Togo  10  20  30  TOTAL per  Technology  272  170  376  280  263  30  1391 
